Introduction
============

In recent years, the development of comprehensive therapy (surgical resection combined with chemo-, immuno- or radiotherapy) ([@b1-ol-0-0-6505]) has reduced the mortality rate of patients with breast cancer ([@b2-ol-0-0-6505],[@b3-ol-0-0-6505]). However, the mortality of patients with triple-negative breast cancer (TNBC) remains high ([@b4-ol-0-0-6505]--[@b6-ol-0-0-6505]). TNBC is a specific subtype of breast cancer that is distinguished by a lack of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER-2) expression ([@b7-ol-0-0-6505],[@b8-ol-0-0-6505]). TNBC is characterized by aggressive clinical behavior, including early distant metastasis, recurrence, a lack of specific therapeutic targets and poorer prognosis than other subtypes of breast cancer ([@b9-ol-0-0-6505]--[@b11-ol-0-0-6505]). Chemotherapy is the primary systemic therapeutic approach for TNBC treatment, although only \~20% of patients with TNBC are sensitive to chemotherapy ([@b12-ol-0-0-6505]). To improve the prognosis of TNBC, the molecular and biological mechanisms that underlie its aggressive behavior require clarification. The emergence of novel markers for an effective targeted therapy could change the current TNBC treatment strategies.

The cadherins are a family of cell-surface glycoproteins responsible for mediating calcium-dependent homophilic intercellular adhesion. The adhesive properties of classical cadherin adhesion molecules serve an essential role in the maintenance of tissue ([@b13-ol-0-0-6505]--[@b16-ol-0-0-6505]). T-cadherin is an atypical cadherin lacking in the transmembrane and cytoplasmic domains and is linked to the plasma membrane by the glycosylphosphatidylinositol (GPI) anchor ([@b17-ol-0-0-6505]--[@b19-ol-0-0-6505]).

T-cadherin expression has been considered to be a useful tool to stratify tumors and identify the degree of T-cadherin involvement in specific steps of cancer progression ([@b20-ol-0-0-6505],[@b21-ol-0-0-6505]). Downregulation of T-cadherin is frequently observed in multiple types of cancer, including ovarian carcinoma ([@b22-ol-0-0-6505]), gastric cancer ([@b23-ol-0-0-6505]), colorectal cancer ([@b24-ol-0-0-6505]), hepatocellular carcinoma ([@b25-ol-0-0-6505]), bladder transitional cell carcinoma ([@b26-ol-0-0-6505]), breast cancer ([@b27-ol-0-0-6505]) and gallbladder cancer ([@b19-ol-0-0-6505]), and is generally associated with poor patient outcome.

Previous studies have revealed that the process of tumor cell development and invasion, induced by the epidermal growth factor, may be inhibited by the high expression of T-cadherin ([@b28-ol-0-0-6505]--[@b30-ol-0-0-6505]). Downregulation of T-cadherin expression may be associated with the increased risk of malignant progression and may therefore represent a potential biomarker for certain types of cancer.

T-cadherin downregulation has been observed in malignant breast tumors ([@b31-ol-0-0-6505]) and is often methylated in primary and metastatic tumor tissues of patients with breast cancer ([@b32-ol-0-0-6505]). Toyooka *et al* ([@b33-ol-0-0-6505]) revealed that T-cadherin may function as a tumor suppressor gene in breast cancer. Taken together, these findings indicate that T-cadherin may serve as a prognostic marker for breast cancer development ([@b31-ol-0-0-6505]--[@b33-ol-0-0-6505]). Breast cancer is usually classified into biologically distinct, behaviorally different subtypes by the presence of immunohistochemically detected markers ([@b34-ol-0-0-6505]); however, the immunohistological determination of T-cadherin expression in breast cancer is rarely reported.

Previous studies revealed that a lack of T-cadherin expression was significantly associated with poorer prognosis of patients with axillary lymph node-positive breast cancer; a multivariate analysis demonstrated that T-cadherin expression was an independent prognostic factor for disease-free survival (DFS) (P=0.002), but not for overall survival (OS) (P=0.067) ([@b35-ol-0-0-6505]), indicating that there may be an association between the expression of T-cadherin and the prognosis of patients with axillary lymph node-positive breast cancer. To date, the role served by T-cadherin in the prognosis and metastasis of TNBC remains unclear.

In the present study, immunohistochemistry was used to determine the T-cadherin expression in 106 formalin-fixed TNBC specimens. The current study aimed to assess the clinicopathological significance of T-cadherin expression, and examine whether T-cadherin expression was an independent predictor of survival of the patients with TNBC.

Materials and methods
=====================

### Subjects

A total of 106 females with TNBC who were enrolled in the Jining No. 1 People\'s Hospital (Jining, China) between January 2003 and December 2009 were randomly chosen for the present study (age range, 22--75 years; mean age, 49.6 years). Patients with invasive breast carcinoma were enrolled; patients with invasive lobular carcinoma were excluded. All patients underwent chemotherapy or chemotherapy in combination with radiotherapy, as detailed in [Table I](#tI-ol-0-0-6505){ref-type="table"}. All patients provided written informed consent.

All tissues were immediately fixed in 10% formalin for 24 h and embedded in paraffin. The clinicopathological features were collected retrospectively and analyzed. According to the results of pathological immunohistochemistry, the 106 patients were divided into two groups, T-cadherin-negative and T-cadherin-positive. The present study was approved by the Ethics Committee of Jining No. 1 People\'s Hospital (Jining, China). No significant differences were identified in the clinicopathological information between the two groups. Demographic data of the patients are listed in [Table I](#tI-ol-0-0-6505){ref-type="table"}.

### Immunohistochemical (IHC) staining

Staining was performed as described previously ([@b35-ol-0-0-6505]). The following reagents were used for the IHC assay and all purchased from Fuzhou Maixin Biotechnology Development Co. Ltd. (Fuzhou, China): 3,3′-diaminobenzidine (DAB) color liquid, mouse anti-human T-cadherin monoclonal antibody (catalog no. H00001012-M01A; dilution, 1:100), Tris-buffered saline, an UltraSensitive™ SP (mouse) IHC kit (KIT-9702) and PBS. The immunoreactive products were visualized using a light microscope by the catalysis of DAB using horseradish peroxidase in the presence of H~2~O~2~ following extensive washing (magnification, ×200). A total of 22 fields of view were assessed and images were captured using a DP25 camera (Olympus Corporation, Tokyo, Japan).

Positive staining of T-cadherin was primarily observed at the cell membrane. For semi-quantitative analysis, the positive cell staining intensity and percentage of cells stained per slide were scored. The results of staining were (−), (+), (++), and (+++) according to T-cadherin expression level. (−) and (+) indicated that T-cadherin expression was negative, while (++) and (+++) indicated that T-cadherin expression was positive ([@b36-ol-0-0-6505]). Staining intensity was determined as follows: 0, no color; 1, light yellow; 2, brown; 3, tan. The percentage of positively stained cells was defined as: 0, ≤20%; 1, 21--50%; 2, 51--75%; 3, \>75%. The final scores were calculated by considering the percentage of positively stained cells and staining intensity results, as previously described ([@b37-ol-0-0-6505]): negative (−), 0; weak positive (+), 1--3; medium positive (++), 4--6; strong positive (+++), 7--9. The immunohistochemical assessment was performed independently by two experienced pathological physicians.

### Determination of ER/PR/HER-2

The presence of HER-2 was determined using a HercepTest kit (DakoCytomation, Carpinteria, CA, USA) according to manufacturer\'s protocol. The presence of PR and ER was determined immunohistochemically, using a monoclonal antibody targeted at PR (clone 16; cat no. ORG-8721; pre-diluted) and a monoclonal antibody targeted at ER (clone 611; cat no. ORG-8871; pre-diluted) (both from Leica Microsystems, Inc., Buffalo Grove, IL, USA), according to previously published procedures ([@b38-ol-0-0-6505]).

### Follow up

Patients were followed up for 5 years. The 5-year DFS was used to determine the primary endpoint and 5-year OS was used to determine the secondary endpoint. DFS referred to the interval from the time of surgery to the time of such events as local relapse, distant metastasis, death from any cause, or the last follow-up. The interval from the time of surgery to the time of death or the last follow-up was used to define OS.

### Statistical analysis

All data were analyzed using SPSS statistical software (version 17.0; SPSS, Inc., Chicago, IL, USA). Besides T-cadherin expression, the following clinicopathological parameters were analyzed: Family history, age, menopausal status, lymph node status, lymph-vascular invasion, tumor size, histological grade \[Elston-Ellis modification of Bloom-Richardson grading system; Bloom-Richardson-Elston (BRE) score\] ([@b39-ol-0-0-6505]), pathological status and histological disease type ([@b36-ol-0-0-6505]). A χ^2^ test was employed to analyze the association between T-cadherin expression and the clinicopathological parameters. Survival curves based on T-cadherin expression were estimated using the Kaplan-Meier product-limit method, and the log-rank test was used to determine the influence of the T-cadherin expression on 5-year DFS and OS. Kaplan-Meier function and Cox regression analyses were used to analyze DFS and OS. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### T-cadherin expression is associated with clinicopathological parameters

Of the 106 patients with TNBC, T-cadherin-negative patients accounted for 66.04% (70/106), and T-cadherin-positive patients accounted for 33.96% (36/106). T-cadherin protein was expressed at the cell membrane ([Fig. 1](#f1-ol-0-0-6505){ref-type="fig"}) according to the results of immunohistochemical analysis. No significant differences were identified between the two groups in terms of family history, age, lymph-vascular invasion, pathological stage \[tumor-node-metastasis (TNM) staging was assessed according to the staging system established by the American Joint Committee on Cancer\] ([@b40-ol-0-0-6505]), histological types or menopausal status (P\>0.05; [Table I](#tI-ol-0-0-6505){ref-type="table"}). However, tumor size \>2 cm, BRE grade II and III, and positive lymph node status were more common in the negative group compared with the positive group (80.0 vs. 58.3, 75.7 vs. 52.8, and 67.1 vs. 47.2%, respectively; P=0.018, P=0.017, and P=0.047) ([Table I](#tI-ol-0-0-6505){ref-type="table"}).

### T-cadherin was associated with survival analyses

All 106 patients with TNBC were followed up for 5 years after surgery. In total, 31 (29.25%) suffered recurrence, 19 (17.92%) succumbed to the disease and 3 (2.1%) were lost to follow-up during the 5 years. Of the 70 patients in the T-cadherin-negative group, 26 (37.14%) suffered recurrence and 17 (24.29%) succumbed to the disease. The mean DFS of this group was 3.99 years, with a mean OS of 4.58 years. The 5-year DFS rate was 70.75%, with the 5-year OS rate of 82.08%. Of the 36 patients in the T-cadherin-positive expression group, 5 (13.89%) suffered recurrence and 2 (5.56%) succumbed to the disease. The mean DFS was 4.69 years, and mean OS was 4.89 years. The 5-year DFS was 86.11%, with a 5-year OS of 94.44%. The influence of the T-cadherin expression on 5-year DFS and 5-year OS was determined using the log-rank test. The 5-year DFS and 5-year OS of the T-cadherin-negative group were lower compared with those of the T-cadherin-positive group (Z=6.233, P=0.013; Z=5.366, P=0.021) ([Fig. 2](#f2-ol-0-0-6505){ref-type="fig"}).

In terms of univariate survival analysis ([Table II](#tII-ol-0-0-6505){ref-type="table"}), there were shorter DFS (P=0.014) and OS (P=0.022) for T-cadherin-negative patients compared with T-cadherin-positive patients. Lymph-vascular invasion was associated with a significantly shorter DFS (P=0.001) and OS (P=0.014), and positive lymph node status was associated with a significantly shorter DFS (P=0.008) and OS (P=0.024). TNM staging III was associated with a significantly shorter DFS only (P=0.029) ([Table II](#tII-ol-0-0-6505){ref-type="table"}).

In terms of multivariate Cox regression analysis, lymph-vascular invasion and tumor size \>2 cm (Wald =15.148 and Wald =4.255, respectively; P\<0.001 and P=0.039, respectively) were other factors that reached significance for predicting DFS ([Table III](#tIII-ol-0-0-6505){ref-type="table"}). Lymph-vascular invasion was a factor that reached significance for predicting OS (Wald =5.081; P=0.024; [Table IV](#tIV-ol-0-0-6505){ref-type="table"}). Furthermore, T-cadherin expression was an independent prognostic factor for DFS (Wald =6.758; P=0.009; [Table III](#tIII-ol-0-0-6505){ref-type="table"}) and OS (Wald =3.910; P=0.048; [Table IV](#tIV-ol-0-0-6505){ref-type="table"}).

Discussion
==========

According to the current study, patients with negative T-cadherin expression were associated with more aggressive TNBC clinicopathological features. The DFS and OS of the patients with T-cadherin-negative expression were decreased.

To the best of our knowledge, the present study is the first to perform immunohistochemical analysis on T-cadherin expression in TNBC. A significant association was identified between negative T-cadherin expression and a tumor size \>2 cm, histological grade II and III, and positive lymph node status in TNBC (P\<0.05). Negative T-cadherin expression was significantly associated with poor TNBC patient prognosis. Multivariate analysis revealed that T-cadherin expression was an independent prognostic factor for DFS (P=0.009) and OS (P=0.048).

There are several limitations to the present study. First, the sample size was small, which reduced the power of the study, and a number of patients were lost in follow-up, reducing the power further. Second, patients with invasive lobular carcinoma were excluded, thus whether invasive lobular carcinoma had altered T-cadherin expression remains unknown. Third, data at the molecular/genetic level were not provided. It is hoped that a large-sample multi-center study will be performed in the future, verifying the findings of the present study.

According to the results of the current study, T-cadherin expression was associated with the clinicopathological features and prognosis of TNBC. For patients with TNBC, T-cadherin-negative expression was a prognostic factor, and T-cadherin may serve as a marker of TNBC, contributing to more precise prediction of prognosis.

The present study was supported by the Science and Technology Development Plan of Jining No. 1 People\'s Hospital (grant no. 2014jnjc14).

![Immunohistochemical analysis of T-cadherin expression levels in human breast cancer. (A) Positive expression of T-cadherin was observed in triple-negative breast cancer (SP staining, magnification, ×200). (B) Negative expression of T-cadherin was observed in triple-negative breast cancer (SP staining, magnification, ×200).](ol-14-03-2975-g00){#f1-ol-0-0-6505}

![Positive T-cadherin expression is associated with a higher DFS and OS. (A) Association between T-cadherin expression and DFS. (B) Association between T-cadherin expression and OS. DFS, disease-free survival; OS, overall survival.](ol-14-03-2975-g01){#f2-ol-0-0-6505}

###### 

Association between T-cadherin expression and clinicopathological parameters in 106 patients with triple-negative breast cancer.

  Parameters                       T-cadherin-negative, n (%)   T-cadherin-positive, n (%)   χ2      P-value
  -------------------------------- ---------------------------- ---------------------------- ------- ---------
  Age at surgery, years                                                                              
    ≤55                            53 (75.7)                    21 (58.3)                            
    \>55                           17 (24.3)                    15 (41.7)                    3.408   0.065
  Menopausal status                                                                                  
    Yes                            23 (32.9)                    16 (44.4)                            
    No                             47 (67.1)                    20 (55.6)                    1.373   0.241
  Tumor size, cm                                                                                     
    ≤2                             14 (20.0)                    15 (41.7)                            
    \>2                            56 (80.0)                    21 (58.3)                    5.616   0.018
  BRE grade ([@b39-ol-0-0-6505])                                                                     
    I                              17 (24.3)                    17 (47.2)                            
    II and III                     53 (75.7)                    19 (52.8)                    5.740   0.017
  Lymph-vascular invasion                                                                            
    Negative                       39 (55.7)                    17 (47.2)                            
    Positive                       31 (44.3)                    19 (52.8)                    0.688   0.407
  Lymph node status                                                                                  
    Negative                       23 (32.9)                    19 (52.8)                            
    Positive                       47 (67.1)                    17 (47.2)                    3.944   0.047
  Histological type                                                                                  
    IDC                            63 (90.0)                    33 (91.7)                            
    Special type                     7 (10.0)                   3 (8.3)                      0.077   0.781
  Family history                                                                                     
    No                             57 (81.4)                    29 (80.6)                            
    Yes                            13 (18.6)                      7 (19.4)                   0.012   0.093
  TNM stage ([@b40-ol-0-0-6505])                                                                     
    I/II                           51 (72.9)                    28 (77.8)                            
    III                            19 (27.1)                    8 (22.2)                     0.303   0.582
  Therapy                                                                                            
    Chemotherapy + radiotherapy    49 (70.0)                    14 (38.9)                            
    Chemotherapy                   21 (30.0)                    22 (61.1)                    9.544   0.002
  Follow up                                                                                          
    Death                          17 (24.3)                    2 (5.6)                              
    Regional recurrence            3 (4.3)                      1 (2.8)                              
    Distant metastasis             23 (32.9)                    4 (11.1)                             
    Lost follow-up                 2 (2.9)                      1 (2.8)                      1.396   0.706

BRE, Bloom-Richardson-Elston; TNM, tumor-node-metastasis.

###### 

Prediction of axillary lymph node-positive breast cancer by univariate survival analysis on various clinicopathological parameters.

  Parameters                       n    5-year DFS, %   χ2       P-value   5-year OS, %   χ2      P-value
  -------------------------------- ---- --------------- -------- --------- -------------- ------- ---------
  Age at operation, years                                                                         
    ≤55                            74   68.92                              79.73                  
    \>55                           32   75.00           0.865    0.352     87.50          1.210   0.271
  Menopausal status                                                                               
    Yes                            39   79.49                              89.74                  
    No                             67   65.67           3.032    0.082     77.61          2.872   0.090
  Tumor size, cm                                                                                  
    ≤2                             29   79.31                              86.20                  
    \>2                            77   67.53           1.079    0.299     80.52          0.427   0.514
  BRE grade ([@b39-ol-0-0-6505])                                                                  
    I                              34   82.35                              88.24                  
    II and III                     72   65.28           2.203    0.138     79.17          1.018   0.313
  Lymph-vascular invasion                                                                         
    Negative                       56   87.50                              91.07                  
    Positive                       50   52.00           16.780   0.001     72.00          5.996   0.014
  Lymph node status                                                                               
    Negative                       42   85.71                              92.86                  
    Positive                       64   60.94           7.045    0.008     75.00          5.101   0.024
  Histological type                                                                               
    IDC                            96   69.79                              81.25                  
    Special type                   10   80.00           0.390    0.532     90.00          0.435   0.510
  Family history                                                                                  
    No                             86   72.09                              81.40                  
    Yes                            20   65.00           0.036    0.849     85.00          0.724   0.395
  TNM stage ([@b40-ol-0-0-6505])                                                                  
    I/II                           79   75.95                              84.81                  
    III                            27   55.56           4.795    0.029     74.07          1.437   0.231
  T-cadherin                                                                                      
    Negative                       70   62.86                              75.71                  
    Positive                       36   86.11           6.061    0.014     94.44          5.246   0.022
  Therapy                                                                                         
    Chemotherapy                   43   83.72                              90.70                  
    Chemotherapy + radiotherapy    53   54.72           5.477    0.019     71.70          3.583   0.058

DFS, disease-free survival; OS, overall survival; IDC, invasive ductal carcinoma; BRE, Bloom-Richardson-Elston; TNM, tumor-node-metastasis.

###### 

Multivariate analyses of disease-free survival of 106 patients with triple-negative breast cancer.

                                   95.0% CI for RR                                                      
  -------------------------------- ----------------- --------- --------- --------- ------------ ------- --------------
  Age at operation                   9.248           98.070      0.009     0.925   10,384.712   0.000     3.119×1087
  Menopausal status                −10.025           98.070      0.010     0.919     0.000      0.000     1.328×1079
  Tumor size                       −1.697              0.822     4.255     0.039     0.183      0.037     0.919
  BRE grade ([@b39-ol-0-0-6505])     0.858             0.515     2.770     0.096     2.358      0.859     6.474
  TNM stage ([@b40-ol-0-0-6505])     0.737             0.405     3.311     0.069     2.090      0.945     4.622
  Lymph node status                  0.132             0.667     0.039     0.843     1.141      0.309     4.222
  Lymph-vascular invasion            2.050             0.527   15.148    \<0.001     7.767      2.766   21.805
  Histological type                  0.814             0.748     1.186     0.276     2.258      0.521     9.779
  Family history                   −0.193              0.472     0.167     0.683     0.825      0.327     2.081
  T-cadherin                         1.350             0.519     6.758     0.009     3.858      1.394   10.674
  Radiotherapy                       0.723             0.741     0.952     0.329     2.061      0.482     8.807

B, partial regression coefficient; SE, standard error; RR, relative risk; CI, confidence interval; BRE, Bloom-Richardson-Elston; TNM, tumor-node-metastasis.

###### 

Multivariate analyses on overall survival of 106 patients with triple-negative breast cancer.

                                   95.0% CI for RR                                                  
  -------------------------------- ----------------- --------- ------- ------- ------------ ------- -------------
  Age at operation                 9.427             133.133   0.005   0.944   12,418.991   0.000   2.612×10117
  Menopausal status                −10.254           133.132   0.006   0.939   0.000        0.000   7.387×10108
  Tumor size                       −2.349            1.278     3.381   0.066   0.095        0.008   1.167
  BRE grade ([@b39-ol-0-0-6505])   0.773             0.673     1.319   0.251   2.166        0.579   8.102
  TNM stage ([@b40-ol-0-0-6505])   0.503             0.522     0.929   0.335   1.654        0.594   4.606
  Lymph node status                1.009             0.885     1.298   0.255   2.742        0.483   15.551
  Lymph-vascular invasion          1.308             0.580     5.081   0.024   3.700        1.186   11.542
  Histological type                0.711             1.048     0.460   0.497   2.036        0.261   15.876
  Family history                   −1.207            0.764     2.495   0.114   0.299        0.067   1.337
  T-cadherin                       1.534             0.776     3.910   0.048   4.636        1.014   21.207
  Radiotherapy                     1.253             1.138     1.213   0.271   3.502        0.377   32.575

B, partial regression coefficient; SE, standard error; RR, relative risk; CI, confidence interval; BRE, Bloom-Richardson-Elston; TNM, tumor-node-metastasis.
